Dixon's approach to describe the dynamics of extended bodies in metric theories of gravity is elaborated. The exact, general relation between the center-of-mass 4-velocity and the 4momentum is derived. Quasirigid bodies are defined, and their equations of motion are shown to be determinate for a given metric. Multipole approximations are considered, and the physical meaning of quasirigidity is investigated by establishing an approximate connection with continuum mechanics. w
Introduction
In a remarkable series of papers [1] , [2] , [3] , and [4] W. G. Dixon has laid the foundations of an exact dynamics of extended bodies in metric theories of gravity. The purposes of this paper are (1) to extend Dixon's general theory by elaborating the center-of-mass description of arbitrary bodies, (2) to restrict the center-of-mass description to what we shall call quasirigid bodies, (3) to consider some properties of multipole approximations to the general theory, and (4) to establish a connection between continuum mechanics and the theory of quasirigid bodies.
After a review of those definitions and results of Dixon's theory on which this work is based we derive in Section 2 a formula for the relativistic center-of-mass 4-velocity in terms of the "reduced moments" of a body and discuss some of its consequences. In Section 3 we define quasirigid bodies and prove that for them Dixon's "equations of motion" for the linear and angular momenta, augmented by the center-of-mass equation of Section 2, have unique solutions (given finitely many initial data) provided the metric is given. In Section 4 we consider the geodesic law for test particles, multipole approximations, and in particular the quadrupole approximation for quasirigid bodies. In Section 5 we show how the defining relations for quasirigid bodies can be connected with continuum mechanics, and Section 6 contains some comments on this work and the problems related to it.
We insert here some remarks on our notation and general assumptions. We use the conventions of [5] as far as tensors and differential geometry are concerned; in some cases these differ from Dixon's. As the signature of the metric we take (-+++). The curvature tensors of Riemann, Ricci, and Einstein are defined, respectively, by ua; Ra~ = R 7a~, We assume space-time to be spatially and temporally oriented. In an oriented orthonormal tetrad the volume form has ~om = 1, where 0 refers to time. Duals of 2-forms, etc., are defined as usual, e.g., R.,X;3.~ = l oa~xu_ "y~ (right dual) 9 R~t~ = 1 ~t~XuD us 0eft dual)
Dualization is anti-involutive, ** = -1. Occasionally we shall employ the following letter-saving notation:
R~xuvu uvv = Rxxuv = R~x uv (It does not matter whether u, v,... are written as subscripts or as superscripts.) Covariant differentiation along a curve zX(t) will be indicated by a dot as in i x and f~X. We proceed to summarize some of Dixon's definitions and main results. Suppose that in a space-time (M, g) we have a symmetric tensor field T at~ satisfying Tab;t3 = 0 (1.1)
The support W of T ~ is to be not too large in comparison with length scales determined by the curvature associated with the metric (the exact conditions are specified on p. 94 of [4] ). T ~t~ is to be interpreted as the stress-energymomentum tensor of a material body. The information about the body contained in the field T c~ can be coded in a collection of tensors p~, SKx, j~,...~nxuvo (n = 0, 1,2 .... ) (1.2)
